Although iron can catalyze the production of free radicals involved in LDL lipid peroxidation, the contribution of iron overload to atherosclerosis remains controversial. The description of two mutations in the HFE gene (Cys282Tyr and His63Asp) related to hereditary hemochromatosis provides an opportunity to address the question of the association between iron overload and atherosclerosis. We investigated the prevalence of HFE mutations in 160 survivors of myocardial infarction with angiographically demonstrated severe coronary atherosclerotic disease, and in 160 age-, gender-and race-matched healthy control subjects. PCR amplification of genomic DNA followed by RsaI and BclI restriction enzyme digestion was used to determine the genotypes. The frequency of the mutant Cys282Tyr allele was identical among patients and controls (0.022; carrier frequency, 4.4%), whereas the mutant His63Asp allele had a frequency of 0.143 (carrier frequency, 27.5%) in controls and of 0.134 (carrier frequency, 24.5%) in patients. Compound heterozygotes were found in 2 of 160 (1.2%) controls and in 1 of 160 (0.6%) patients. The finding of a similar prevalence of Cys282Tyr and His63Asp mutations in the HFE gene among controls and patients with coronary atherothrombotic disease, indirectly questions the possibility of an association between hereditary hemochromatosis and atherosclerosis.
Introduction
Based on the lower rate of coronary atherosclerotic disease (CAD) observed in premenopausal women compared to men and postmenopausal women and on the difference in CAD incidence between developed and underdeveloped countries, in 1981, Sullivan (1) hypothesized that higher iron stores could be a risk factor for CAD. In this sense, many investigators have studied the contribution of iron overload to the pathogenesis of atherosclerosis. In addition, with the demonstration that iron catalyzes the synthesis of oxygen-reactive products (2) , it has been also proposed that iron could play a role in LDL lipid peroxidation (3, 4) , an early step in atherogenesis (5) . To support this hypothesis, it has been experimentally observed that iron overload contributes to atherogenesis in rabbits (6) ; however, other investigators demonstrated that, in the same animal model, iron overload causes a decrease in plasma cholesterol levels as well as in the formation of lesions in the aortic arch (7) . Similarly, whereas some epidemiological studies (8) (9) (10) (11) have found a positive association between CAD and clinical markers of iron overload, other reports have found either a negative association (12) or none at all (13, 14) . Thus, the iron hypothesis remains controversial.
Hereditary hemochromatosis (HH) is an autosomal recessive genetic disease of iron regulation associated with iron overload and failure of several organs (15, 16) . The molecular bases of HH were elucidated in 1996 after the positional cloning of the involved gene, currently designated HFE (formerly HLA-H) (17) . The HFE gene has been sequenced, and two missense point mutations have been identified: a substitution of tyrosine for cysteine at amino acid position 282 of the HFE protein (Cys282Tyr), and a substitution of aspartic acid for histidine at amino acid position 63 (His63Asp) (17) . Cys282Tyr is strongly related to the disease, but the clinical significance of the His63Asp mutant in HH remains to be determined, although it seems to increase the risk for HH in the compound heterozygous state with Cys282Tyr (18) . In addition, carriers of these mutations tend to present higher iron deposits (19) .
The analysis of HFE mutations in patients with atherosclerotic disease represents a valuable opportunity to determine the specific role of HH in atherosclerosis. In this respect, it should be emphasized that although HH is an autosomal recessive disorder, heterozygotes usually exhibit evidence of iron accumulation that might result in increased predisposition to atherosclerosis. If indeed hemochromatosis contributes to atherogenesis, a higher prevalence of HHrelated mutations in patients suffering from atherosclerotic disease in comparison to healthy individuals is predicted. Hence, the prevalence of HFE mutations in selected patients with objective diagnosis of coronary atherothrombosis in comparison to healthy controls was evaluated in the present study.
Subjects and Methods

Patients and controls
A total of 160 unrelated and relatively young individuals (124 men; mean age, 42 years; range, 25-55 years; and 36 women; mean age, 46 years; range, 30-55 years) with a diagnosis of acute myocardial infarction (MI) and angiographically proven CAD constituted the patient study group. MI was diagnosed on the basis of clinical, enzymatic and electrocardiographic criteria. At least two of the following criteria were necessary to arrive at this diagnosis: typical chest pain (longer than 30 min), an increase in creatine kinase of more than twice the baseline level, and characteristic electrocardiographic changes in two or more adjacent leads. Included were patients submitted to coronary angiography, which demonstrated stenosis of 50% or higher in a major artery. While the samples from patients were being collected, 160 unrelated subjects (mostly blood donor candidates at the local Blood Center) without a personal history of arterial disease or MI were selected as controls. Controls were enrolled before the first blood donation. Each case was matched to a control for gender, age (± 4 years) and race. Both patients and controls came from the same geographic region, i.e., the city of Ribeirão Preto, State of São Paulo, Southeastern Brazil. All individuals enrolled gave their consent to participate in this study, which was approved by the Institutional Ethics Committee. Data regarding classical risk factors for CAD and MI were obtained by reviewing records and interviewing the subjects included in the study. Subjects were classified as Whites, Blacks or Mulattoes on the basis of phenotype characteristics.
Mutation analysis
Peripheral blood was collected and genomic DNA extracted from mononuclear leukocytes by conventional methods (20) . For identification of the Cys282Tyr mutation, the following primers were used: 5' -CAA GTG CCT CCT TTG GTG AAG GTG ACA CAT -3' and 5' -CTC AGG CAC TCC TCT CAA CC -3'. For identification of the His63Asp mutation, the following primers were used: 5' -ACA TGG TTA AGG CCT GTT GC -3' and 5' -CTT GCT GTG GTT GTG ATT TTC C -3' (21) . RsaI (Cys282Tyr analysis) and BclI (His63Asp analysis) restriction enzyme digestion was employed after PCR genomic amplification to determine the HFE genotypes.
Statistical analysis
Differences of allele frequencies of each mutation in controls and patients were analyzed for statistical significance by the c 2 test. Odds ratios (OR) and 95% confidence intervals (CI 95) were calculated using standard methods (22) . Table 1 lists relevant general characteristics of the patient and control groups. As expected, major risk factors for atherosclerotic disease were present in most cases and were rarer among subjects from the control group.
Results
The mutant Cys282Tyr allele was found in the heterozygous state in 7 of 160 controls (allele frequency, 0.022; carrier frequency, 4.4%) and in 7 of 160 patients with MI (allele frequency, 0.022; carrier frequency, 4.4%; Table 2 ). These data yielded an OR for MI related to the Cys282Tyr mutation of 1.0 (CI 95: 0.34-2.91). No homozygotes for the Cys282Tyr mutation were found in controls or patients (Table 3 ). The His63Asp mutation was detected in 44 of 160 controls (allele frequency, 0.143; carrier frequency, 27.5%) and in 39 patients (allele frequency, 0.134; carrier frequency, 24.5%; Table 2 ). These data yielded an OR for MI related to ians (carrier frequency, 27.5%), with a frequency similar to that observed among white Europeans. In fact, the His63Asp mutation has been identified in populations of different ethnic origins and probably is an older mutation (21) . Hence, the finding of a high prevalence of this mutation in the Brazilian population is also reasonable, since its prevalence is less affected by racial admixture. Of note, since ethnicity may influence the comparability of patients and controls in casecontrol studies, the control and the disease groups of this study were matched taking into account also the ethnic background of the subjects. The mutant Cys282Tyr and His63Asp alleles had an identical frequency in controls and CAD patients, suggesting that mutations of the HFE gene have no significant effect on atherosclerosis. Although previous reports on the association between iron stores and atherosclerosis have yielded discrepant results, it should be noted that epidemiological studies may be subjected to biases from different environmental factors (24, 25) . For instance, the observation that postmenopausal women receiving estrogen replacement therapy have a risk for CAD similar to that of premenopausal women (27) suggested that the determining factor for increased risk after menopause is a reduction in estrogen levels, rather than iron overload, as it had been previously supposed (1) . In fact, in several of the epidemiological studies designed to assess the possible relation between body iron stores and atherosclerotic disease, no association was found, and even an inverse association was suggested in one of them (12) . Moreover, supporting our findings is the recent demonstration that, in rabbits, iron overload decreases plasma cholesterol levels and the formation of an aortic arch lesion, suggesting that excess iron does not contribute to atherosclerosis (7) . It has also been observed that, although iron can mediate oxidant injury to endothelial cells, the damage may be attenuated by iron chelatected among the patients (Table 3) . Compound heterozygosity for both mutations was observed in 2 controls (1.2%), whereas only one patient carried both mutations (0.6%). Separate analysis for White subjects (who corresponded to the majority of the subjects) did not alter the results (data not shown in tables).
Discussion
Since Sullivan (1) raised the hypothesis that iron overload could be a risk factor for CAD, many investigators have tested this possibility, but no definitive conclusion has been reached due to conflicting results (3, 4, (6) (7) (8) (9) (10) (11) (12) (13) (14) (23) (24) (25) . Since the occurrence of HFE gene mutations associated with HH provides a valuable opportunity to test indirectly whether iron overload plays a role in atherosclerosis, the prevalence of these two mutations in patients with coronary atherothrombosis and in healthy controls was determined in the present study.
The prevalence of the Cys282Tyr mutation in healthy Brazilian subjects (carrier frequency, 4.4%) is lower than that observed in Europeans, among whom this mutation is most prevalent (21) . In contrast, it is more prevalent in Brazilians than in other American populations such as Mexicans, Jamaicans and Colombians (21) . These findings can be explained by the different ethnic composition of these peoples. The Cys282Tyr mutation is believed to have arisen approximately 60 to 70 generations in the past and is highly prevalent among Europeans, but rarer among Africans (16, 18, 19) . Therefore, a lower prevalence of the Cys282Tyr mutation among Brazilians in comparison with Europeans is expected on the basis of the miscegenation of Whites and Blacks, and indeed the prevalence found in the present investigation agrees with a previous report on the frequency of Cys282Tyr among Brazilians (26) . The His63Asp mutation was found to be highly prevalent among Brazil-tors such as ferritin (28) .
Recently, we also analyzed the prevalence of HH-related mutations in patients with premature atherosclerotic disease from the Netherlands. The results for the Dutch population were similar to those obtained in the present study insofar as they did not support genetic hemochromatosis as a major risk factor for atherosclerosis (29) . In this respect, it should be noted that the recently described polymorphism in intron 4 does not affect our results (30), since we did not find a mutant homozygous for the Cys282Tyr mutation. However, it should be emphasized that, although a higher prevalence of the HFE mutations was not observed among CAD patients in comparison with healthy subjects in the present study, the possibility that iron may contribute to atherosclerosis cannot be completely ruled out. Firstly, we analyzed a population for which parameters of evaluation of body iron stores (such as transferrin saturation or serum ferritin levels) were not available, and in fact such analysis is beyond the scope of our study. Therefore, our conclusions are based on the absence of a significant association between specific gene variations and atherosclerosis, and do not take into account the possibility that a certain degree of iron deficiency may have diminished iron accumulation among carriers of the HH-related mutations and its impact as a putative atherogenic factor. In fact, our data do not exclude the possibility of an association between HH and atherosclerosis in other populations. Secondly, our study deals with the analysis of HFE mutations in women and men, and the former are known to have increased iron loss (due to menstruation and pregnancy) which can also minimize the effect of the HFE mutations on iron accumulation. On the other hand, women were only a minority of the individuals analyzed, cases and controls were matched for gender, and separate analysis of data among males did not alter our results (data not shown). In addition, we investigated only individuals less than 55 years of age, and our results should not be extrapolated to older HFE carriers, in whom a more evident iron accumulation may be present. Moreover, an association with recurrent cardiovascular events was not explored in our study. Finally, it could also be hypothesized that iron is mainly stored in parenchymal tissues in HH, and therefore iron deposits in the macrophage system (which could contribute to foam cell formation and atherosclerosis progression) are not increased in carriers of the HFE mutations. Under any of these circumstances, this study suggests that screening of HH mutations among patients with CAD and MI does not seem to be justified in our population.
To sum up, we found a similar prevalence of the HFE gene mutations in relatively young patients with CAD and controls. We conclude that HFE mutations related to HH are unlikely to be major genetic risk factors for coronary atherothrombotic disease in the Brazilian population.
